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INSTRUCTIONS TO CANDIDATES 
 
1.1 The examination has six (6) questions.  
1.2 All answers must include a sufficient amount of working and explanation. 
1.3 Note that questions ARE NOT of equal value. 
1.4 Read ALL questions carefully. 
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You may begin writing from the commencement of the examination session.  The reading time indicated above is 
provided as a guide only. 
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No dictionaries are permitted 
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Question 1 (12 marks) 
 
A robot arm is driven by two actuators as shown below in Figure 1. The actuators can be considered as 
continuous-time, linear, time-invariant systems with the control signal x(t) as the input and the force 
delivered by the actuators as the output. Actuator 1 has impulse response )(1 th and actuator 2 has 
impulse response )(2 th . The forces delivered by the actuators are added together to form the input 
signal to the robot arm. The output of the robot arm is the position of the tip y(t). The robot arm can also 






Figure 1. Robot Arm 
Question 1.1 (2 marks) 
If the input ),()( ttx =  where )(t is the unit impulse, what specifically is b(t)?  
 
Question 1.2 (3 marks) 
Give an expression for y(t) as a function of x(t), h1(t), h2(t) and h3(t). 
 
Question 1.3 (2 marks) 
 
Write down the expression for the impulse response of the composite system as a function of h1(t), h2(t) 
and h3(t). 
Question 1.4 (2 marks) 
The frequency responses of actuator 1, actuator 2 and the robot arm are H1(), H2() and  H3() 
respectively. What is the frequency response of the composite system, H(ω)? 
 
Question 1.5 (3 marks) 






Robot arm + 
y(t) b(t) c(t) x(t) 
Actuator2 
11211 1 
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Question 2 (5 marks) 
For x[n]=0, n<-1,and x[n]=0, n>3,  x[-1]=1, x[0]=2, x[1]=3, x[2]=4, x[3]=5  and  v[n]=0, n<-1 and v[n]=0, 
n>2,  v[-1]=5, v[0]=3, v[1]= -2, v[2]=1.  
Use array/analytical method to compute x[n]*v[n]. 
Question 3 (8 marks) 
One way to determine the frequency response, 𝐻(𝜔), of a given system is to do so experimentally. A number of 
single frequency sinusoidal signals are used as the input, x(t), to the system, one at a time. The output of the 
system, y(t), for a given input, can be measured and the magnitude and phase of the frequency response of the 
system, at the frequency of the input sinusoid, can be measured. 
 
Experimental results for one such test, seen below in Figure 2, show the magnitude and phase response for the 
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Question 3.1 (1 Marks)  
 
This system shown in Figure 2 is effectively working as a filter. What type of filter is it? Write a few sentences to 
justify your answer. 
 
  
Question 3.2 (4 Marks)  
 
If the input of the system is now: 𝑥(𝑡) = 2 cos(636.6𝜋𝑡) + 2 sin(1273.2𝜋𝑡) . Calculate the output of the system, 
𝑦(𝑡), for this new input. How does your result confirm your choice of filter in question 3.1? 
 
Question 3.3 (3 Marks)  
 
Sketch the double sided frequency domain magnitude and phase plots for both 𝑥(𝑡) and 𝑦(𝑡). (Present your 
answer in 4 separate plots, not all on one plot.) 
 
Question 4 (15 marks) 
Question 4.1(5 marks) 
A periodic signal with period T has the Fourier coefficients
x








=   = −    xk
k




Compute the Fourier coefficients 
v
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Question 4.2 (10 marks) 














Question 5 (5 marks) 




5 4 3 2( ) 6 5 4 3 2 1= + + + + +A s s s s s s  
b. 
4 3 2( ) 3 8 3= − + − +A s s s s s  
 
 
Question 6 (5 marks) 













Ti e [s] 
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LAPLACE TRANSFORM PAIRS 
)s(F  )t(f     t  0  





















)( atu −   unit step starting at t = a 
( )ate1
s
1 −−  
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Properties of the Fourier Transform 
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Properties of Discrete time Fourier transform 
Linearity 𝑎𝑥[𝑛] + 𝑏𝑦[𝑛] 𝑎𝑋(𝑒𝑗𝜔) + 𝑏𝑌(𝑒𝑗𝜔) 
Shift in Time 𝑥[𝑛 − 𝑘] 𝑋(𝑒𝑗𝜔)𝑒−𝑗𝜔𝑘 
Shift in frequency 𝑥[𝑛]𝑒𝑗𝑎𝑛 𝑋(𝑒𝑗(𝑤−𝑎)) 




Time reversal 𝑥[−𝑛] 𝑋(𝑒−𝑗𝜔) 
Time conjugation 𝑥[𝑛]∗ 𝑋(𝑒−𝑗𝜔)∗ 
Time reversal and 
conjugation 
𝑥[−𝑛]∗ 𝑋(𝑒𝑗𝜔)∗ 














Convolve in time 𝑥[𝑛] ∗ 𝑦[𝑛] 𝑋(𝑒𝑗𝜔). 𝑌(𝑒𝑗𝜔) 
Multiply in time 𝑥[𝑛]. 𝑦[𝑛] 
1
2𝜋
∫ 𝑋(𝑒𝑗𝑣). 𝑌(𝑒𝑗(𝜔−𝑣))𝑑𝑣
𝜋
−𝜋
 
 
 
 
 
 
